Objective: The purpose of this study was to determine the difference of bacterial aerosol quantity based on blood agarplate position with and without using chlorhexidine as pre-procedural mouthwash in ultrasonic scaling treatment.
Introduction
Indonesia is still trying to do some efforts for implementing infection control correctly. One of the facts about infection control phenomenon in Indonesia is still low reported by Listyanti. 1 Listyanti1 said that there were three dentists had been infected by HIV/AIDS in Surabaya. This case was suspected as cross infection phenomenon in health provider. Research by Kohlail2 showed that is about 17-46% dentists do not consider all patients potentially infectious, 50-86% dentists think that the medical record and patients' appearance determine the level of infection control that applied, and 18-65% dentists think that they are right to decline treating the patients who already known the infection status. According to Lugito, 2 occupational risk such as infected to infectious disease like HIV, HBV, tuberculosis, etc.; the health providers are lack of awareness; and the low quality of sterilization also causes the high prevalence of infectious disease spread. The World Health Organization (WHO) estimates that about 3 million health care workers face occupational exposure to blood borne viruses each year: 2 million to HBV, 900.000 to HCV, and 300.000 to HIV. The Centre for Disease Control and Prevention (CDC) reported the research result of 360 health care workers, the injured incident in dental practice: 36% dentists, 34% oral surgeons, 22% dental hygienists, and 4% dental students. Mahboobi et al. 3 reported that dentists have the highest risk of being exposed to cross infection among health workers.
Cross infection is the transmission of infectious agents between patient and staff in clinical environment. This infection can transmit through instrument contamination due to improper sterilization that potentially in aerosol formation. 4 Dentists use the aerosol-creating instruments such as ultrasonic scaler, high speed hand piece, polishing cups, and air-water syringe. Those instruments are used in patient's oral cavity with various microorganisms derived from saliva, blood, and dental plaque. 5, 6, 7, 8, 9 Therefore, the dentists are often exposed to microorganisms that harmful to the health. 10 Mikitka et al. 11 said that there is some evidence for greater prevalence of respiratory disease. This is caused by the bacterial aerosol remains in the air for long period before being inhaled by dentists or patients. 11 The aerosolized bacteria can be inhaled into the lung of a susceptible person. 12 Aerosol is solid or liquid particles in the air with less than 50 µm in diameter. 4, 7, 13, 14, 15 Aerosol is formed when the high-powered instrument requiring air pressure and water spray to work effectively. 14, 15, 16 According to Freeman, 15 the water spray act as a coolant to prevent teeth becoming damaged. The water spray itself is harmless, but when combined with the oral cavity fluid of patients can potentially cause a health risk to staff and patient.
According to Pina-Vaz et al., 17 ultrasonic scaler is the greatest source of aerosol contamination in dental procedures. Aerosol contains many microorganisms derived from blood, saliva, debris, dental plaque, calculus, and restorative materials produced by ultrasonic scaler when used with water spray. 5, 6, 7, 11, 14 Each of the patients has different aerosol composition depends on the teeth condition in the operative area and the level of microorganisms in patients' oral cavity. 6, 13 The use of pre-procedural mouthwash before ultrasonic scaling treatment is one of some methods to reduce aerosol contamination. 7, 13 In this study, chlorhexidine as pre-procedural mouthwash was used in group I, whereas sterile water was used in group II before ultrasonic scaling treatment was started. Bacterial aerosol was collected using blood agar plate that placed at three different positions: the chest of patient, the right side of patient-8 o'clock, and the left side of patient-4 o'clock.
Based on the description above, the research questions in this study are (1) is there any differences of bacterial aerosol quantity based on blood agar plate position between using chlorhexidine and without using chlorhexidine as pre-procedural mouthwash in ultrasonic scaling treatment, (2) is bacterial aerosol quantity using chlorhexidine less than without using chlorhexidine at each of blood agar plate positions. Thus, the research purposes of this study are (1) to determine the difference of bacterial aerosol quantity based on blood agar plate position between using chlorhexidine and without using chlorhexidine as pre-procedural mouthwash in ultrasonic scaling treatment, (2) to compare the bacterial aerosol quantity with and without using chlorhexidine at each of blood agar plate positions.
Methods
This is an experimental study in Dental Clinic of Faculty of Dentistry, Andalas University and Microbiology Laboratory that held from February to March 2016.
The sample selection criteria as follows: The purposive sampling technique was used for this study based on the consideration that the samples were representative on the predefined criteria. The total of 32 samples was divided into two groups (patients were 11-45 years old and no gender criteria).
Group I: The 16 samples rinsed using 10 ml of 0.2% chlorhexidine gluconate mouthwash for 1 minute before ultrasonic scaling treatment was started.
Group II: The 16 samples rinsed using 10 ml of sterile water for 1 minute before ultrasonic scaling treatment was started.
Bacterial aerosol was collected using blood agar plate for Blood agar plate was opened when operator started the ultrasonic scaling treatment. After ultrasonic scaling treatment was done (during the first 10 minutes), blood agar plate was closed and brought to the microbiology laboratory for doing the incubation process at 37 ºC for 24 hours. After incubation process, the bacterial aerosol quantity was counted as colony forming unit (cfu). The data of bacterial aerosol quantity at each of groups and among groups were analyzed statistically using Friedman and Kruskal Wallis test.
The purpose of Friedman test was to identify the difference of bacterial aerosol quantity based on blood agar plate position with and without using chlorhexidine as pre-procedural mouthwash in ultrasonic scaling treatment. The purpose of Kruskal Wallis test was to compare the bacterial aerosol quantity with and without using chlorhexidine as pre-procedural mouthwash in ultrasonic scaling treatment at each of blood agar plate positions.
Results and Discussion
The result of bacterial aerosol quantity in group I can be seen in Table 1 , whereas in group II can be seen in Table 2 . The calculation result in Table 1 above showed that in general most of the bacterial aerosol was detected on the chest of patient. The calculation result of bacterial aerosol quantity in group I showed that the highest result was at four samples (C1, C2, C10, and C13). The calculation result in Table 2 above also showed that in general most of the bacterial aerosol was detected on the chest of patient.
From the data in Table 1 and 2 can be described the statistical descriptive result in Table 3 for group I and  Table 4 for group II. The statistics descriptive result showed that the highest mean of bacterial aerosol quantity was on the chest of patient. The bacterial aerosol quantity on the chest of patient using chlorhexidine was less than without using chlorhexidine. It was similarly with the blood agar plate on the right and left side of patient. It showed that chlorhexidine was more capable to reduce the bacterial aerosol quantity at each of blood agar plate positions.
The statistics result using Friedman test showed that p = 0.223 in group I and p < 0.001 in group II ( Table 5 ). The p value of group I showed that there was statistically no significant difference, whereas the p value of group II showed that there was statistically significant difference. The result of group I showed that the bacterial aerosol quantity at three different blood agar plate positions was not different which means the 0.2% chlorhexidine gluconate as pre-procedural mouthwash can reduce bacterial aerosol quantity at each of positions during ultrasonic scaling treatment. The result of group II showed that the bacterial aerosol quantity at each of blood agar plate positions cannot be affected by rinsed using sterile water so that the sterile water cannot reduce bacterial aerosol quantity at each of positions. The statistics result using Kruskal Wallis test showed that p < 0.001 in P-I, p = 0.237 in P-II, and p = 0.718 in P-III (Table 6 ). The p value of P-I showed that there was significant difference of blood agar position on the chest of patient with and without using chlorhexidine as preprocedural mouthwash in ultrasonic scaling treatment. This result showed that chlorhexidine can reduce bacterial aerosol quantity on the chest of patient which means the bacterial aerosol quantity on the chest of patient using chlorhexidine was less than without using chlorhexidine.
The p value of P-II and P-III showed that there was no significant difference of blood agar plate position on the right and left side of patient with and without using chlorhexidine as pre-procedural mouthwash in ultrasonic scaling treatment. In descriptively of Table 3 and 4, the bacterial aerosol on the right and left side of patient using chlorhexidine was less than using sterile water. Nonetheless, the result statistically indicated that the chlorhexidine did not show the significant difference to reduce the bacterial aerosol quantity on the right and left side of patient yet. Aerosol is solid or liquid particles in the air with less than 50 µm in diameter. 4, 7, 13, 14, 15 According to Harrel and Molinari 13 , aerosol contamination during dental procedure consist of three main sources: (1) dental instrument, (2) saliva and respiratory source, (3) operative area. Aerosol contains microorganisms from oral cavity when highpowered and high-speed instrument is used. 11 The oral cavity is a unique environment which provides an ideal medium for microbial growth. 18 King et al. 9 also stated that the oral cavity provides a unique ecosystem of moist environment, temperature, and the existence of endogenous and exogenous metabolic substrates, which make it an ideal medium for bacterial growth. In accordance with Kaplowitz and Collins, 19 the oral cavity is host of many species: aerobic and anaerobic bacteria, virus, and fungi.
In this study, ultrasonic scaler was used in ultrasonic scaling treatment. Ultrasonic scaler is the greatest producer of aerosol contamination in dental procedures. 17 This instrument generates aerosol with bacteria which peak over 300 cfu/cu ft from dental operatory.9 Meanwhile, Larato et al. 9 demonstrated that during ultrasonic scaling, the bacterial count in the air increased 30-fold. Grenier 9 also demonstrated dental treatment in general significant increased the level of bacteria air contamination and ultrasonic scaling produced 3 times contamination rather than operative dental treatment.
In this study, blood agar plate was used as a medium for bacterial aerosol growth. Blood agar plate is a general purpose, non-selective, enriched medium that promotes the growth of microorganisms9. In line with Legnani, 9 plate method gives a precise indication of the possible contamination over time by measuring dental particulate and aerosol precipitation on different exposed surfaces in the operatory room. Blood agar plate was placed at three different positions: the chest of patient (15 cm from patient's oral cavity), the right side of patient-8 o'clock (45 cm from patient's oral cavity), and the left side of patient-4 o'clock (40 cm from patient's oral cavity). In descriptively, the result showed that the highest of bacterial aerosol quantity was on the chest of patient. This is line with a research conducted by Cochran et al. 14 , the number of the highest colony of aerosol is on the chest of patient because the droplet of saliva that produced during a dental procedure settle down rapidly in the air with the greatest contamination on the chest of patient.
The descriptive result showed that the mean of bacterial aerosol quantity in group I P-I (34.38) > P-III (3.81) > P-II (2.81). From this result, can be stated that the farther distance from reference point (patient's oral cavity) then the less of bacterial aerosol quantity. It is in line with a research conducted by Logothethis and Martinez 20 showed that the number of cfus decrease with increasing the distance from the reference point. Nevertheless, the result of group I was not in line with group II. In group II, the mean of bacterial aerosol quantity was P-I (232.81) > P-II (5.06) > P-III (4.63). This result is maybe related to the several factors which influence aerosol distribution as stated by Bentley et al 11 : type of procedure and whether high volume evacuation was used; the position of the tooth in the mouth, which affects the position of the operator relative to the subject in the dental chair; and the level of microorganisms in the subject's mouth.
The statistics calculation showed that the bacterial aerosol quantity on the chest of patient using chlorhexidine was less than without using chlorhexidine. While, it is not in line with the statistics result of blood agar plate position on the right and left side of patient. It is maybe related to the distance of blood agar plate position to reference point because of the farther distance from reference point. According to this statement, the use of chlorhexidine does not influence the reduction of bacterial aerosol quantity with the farther distance from the reference point. Devker et al. 21 claimed that the level of the effectiveness of 0.2% chlorhexidine in reducing cfu can be caused due to the reason that chlorhexidine starts the antimicrobial action at the point of aerosol level and at the beginning of the aerosol formation. Besides, how far the spread of aerosol and the level of contamination are still in attention. 11 According to Bennet et al. 5 , aerosol peak decreased to the background level within 10 minutes and 30 minutes due to the rapid deposition from particles after the high level of aerosol in the patient's head (about 1 m from the base), particularly with scaling procedure.
Harrel and Molinari 13 recommend four methods to reduce aerosol contamination: barrier protection-masks, gloves, and eye protection; pre-procedural rinse with antiseptic mouthwash such as chlorhexidine; high volume evacuator; high-efficiency particulate air room filters and ultraviolet treatment of ventilation system. In this study, chlorhexidine was used as pre-procedural mouthwash in ultrasonic scaling treatment.
Chlorhexidine is a bisbiguanid molecule that binds strongly to hydroxyapatite, organic pellicle teeth, oral mucosa, proteins in saliva, and bacteria. Because of this binding, chlorhexidine that contain in mouthwash can inhibit the high substance with 30% drug released after rinsing and remain for a long time. After rinsing with 0.2% 10 ml of chlorhexidine gluconate mouthwash for 1 minute, approximately 30% of the composition of mouthwash survives. Half composition of the mouthwash will be bound with receptor molecules in 15 seconds rinsing. 22 At low concentrations, chlorhexidine is bacteriostatic resulting in increased permeability and leakage of intracellular components, including potassium. At high concentrations, chlorhexidine is bactericidal which cause the outbreak of the bacterial cell wall and cytoplasm loss that leads to cell death. As stated by Carr 23 and Cohlbecker, 24 the 0.2% chlorhexidine gluconate is effective against gram-negative bacteria, gram-positive bacteria, aerobic, anaerobic bacteria, yeasts, dermatophytes, and some lipophilic viruses.
This study showed descriptively that plaque score index cannot be the benchmark to the low or high of bacterial aerosol quantity in using the 0.2% chlorhexidine gluconate mouthwash. It is in line with the statement of Cobb 23 , chlorhexidine is only effective on the outer layer of plaque biofilm at 24-28 hours from the formation process. Harrel and Molinari 13 also stated that chlorhexidine is not effective in influencing the biofilm organism such as dental plaque.
The calculation result of bacterial aerosol quantity in group with 0.2% chlorhexidine gluconate mouthwash showed the highest score at four samples (C1, C2, C10, and C13). The potential sources of aerosol contamination during the dental procedure are the dental instrument, saliva and respiratory source, and operative area. The aerosol sources from dental instrument are produced by microorganisms in the instrument and dental unit water line. 13 The use of water flow at the tip of ultrasonic scaler cannot be controlled when the operator used the instrument so that the amount of water flow is different at every patient. Reducing the water flow decreases the amount of aerosol released into the air. 23 The aerosol sources from the patient are saliva, secretion from the nose and throat, dental plaque, gingival secretion, dental tissue, and the materials that used in the dental treatment. 6 It can cause every patient has different aerosol composition depends on the teeth condition in the operative area and level of microorganisms in patient's oral cavity so that the OHI-S cannot be the benchmark to the high or low level of bacterial aerosol quantity that incurred during ultrasonic scaling treatment. 6, 13, 18 Research that supports this study is a research conducted by Acharya et al.
14 about the amount of aerosol contamination produced by ultrasonic scaler and high speed air turbine hand piece in the immediate vicinity of the patient's mouth during dental procedures in a rural dental clinic and the level and the type of microbial contamination present on the white coasts of dental personnel in a rural dental setting. The results showed the highest number of colonies was from patient's chest area and least cfu/plate was at a distance of 24 inches away from the operating area during both procedures. Significantly higher colony count was seen during oral prophylaxis (ultrasonic scaling treatment) than during cavity preparation.
Other research that supports this study was done by Sawhney et al. 11 regarding the efficacy of two commercially available mouth rinses (0.2% chlorhexidine and Listerine) in reducing bacterial contamination when used a pre-procedural rinse, with and without high volume evacuation. The results showed that 0.2% chlorhexidine was the best in reducing aerobic bacteria followed by Listerine and then water. The use of 0.2% chlorhexidine and high volume evacuator is the best in reducing aerosol contamination during ultrasonic scaling.
Shetty et al. 20 about the efficacy of pre-procedural mouth rinses (chlorhexidine gluconate and tea tree oil) in reducing microbial content of aerosol product during ultrasonic scaling procedures by viable bacterial count. The results showed that all the antiseptic mouthwash significantly reduced the bacterial cfus. Chlorhexidine rinses were found to be superior to tea tree oil when used pre-procedurally in reducing aerosolized bacteria.
Based on these findings, the research author has suggestions: the use of high-efficiency particulate air room filter is recommended to maximize in reducing aerosol contamination during dental procedures, and add the amount of blood agar plates at other different positions in order to obtain more varied results.
Conclusions
From the research findings can be concluded: (1) the bacterial aerosol quantity at each of blood agar plate positions using chlorhexidine is not different which means chlorhexidine as pre-procedural mouthwash can reduce bacterial aerosol quantity during ultrasonic scaling treatment at each of blood agar plate positions; the bacterial aerosol quantity at each of blood agar plate positions cannot be influenced by using sterile water so that the sterile water cannot reduce the bacterial aerosol quantity at each of blood agar plate positions, (2) the bacterial aerosol quantity using chlorhexidine is less than without using chlorhexidine of blood agar plate on the chest of patient; there is significant difference of bacterial aerosol quantity with and without using chlorhexidine on the chest of patient; there is no significant difference of bacterial aerosol quantity with and without using chlorhexidine on the right and left side of patient.
The 0.2% chlorhexidine gluconate as pre-procedural mouthwash can be used on bacterial aerosol reduction during ultrasonic scaling treatment. The 0.2% chlorhexidine gluconate can be recommended as an antibacterial in preventing cross infection.
